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THE ACUTE ABDOMEN IN CHILDREN 


SPECIAL REPORT 


John A. Washington, M.D.* 


Several years ago in the dispensary we were faced with a 16 month old 
colored child who was sent in by her family doctor with the diagnosis of 
appendicitis. The history was appropriate, with vomiting several times in 
the previous few hours and she seemed to have abdominal pain. The 
temperature was mildly elevated and there was a moderate leucocytosis. 
In the dispensary the most patient attempts to examine her ended in fail- 
ure. She cried whenever she was touched anywhere and it was impossible 
to make out whether the abdomen was really tender and if so whether any 
more tender than her chest or thigh. One thing was certain and that was 
that appendicitis had not been excluded as a diagnosis. Consequently she 
was admitted to the ward. 

When approached there a half hour later, she was awed enough by her 
new surroundings and by the absence of her parents to tolerate a doctor’s 
presence without screaming. Percussion and auscultation of the chest 
could be carried out without protest. It was possible to palpate the ex- 
tremities also without signs of distress. Finally the left side of the ab- 
domen was pressed quite gently. The face took on an anxious expression 
and crying followed. The same pressure on the right side caused distinctly 
more crying and she pushed the examining hand away. This sequence 
was repeated several times. The only other finding one could be sure of 
was the presence of bilateral rebound tenderness so that she jumped and 
yelled whenever the examining hand was lifted quickly. At operation the 
appendix was inflamed and unruptured and recovery was uneventful. 

We experienced the usual feeling of satisfaction that one has in diagnesing 
correctly appendicitis in a young child but our pride was tempered a bit by 
the fact that she had been referred in with the correct diagnosis. We 
reported the results of the operation to the general practitioner who had sent 
her in and remembering our difficulty in approaching the child in the 
presence of the parents, we asked him how he managed. His reply was 
most expressive. He said, “Doctor, I just went to bed with that child.” 

I relate this story because it illustrates the sort of tactics one must use in 


separating appendicitis from the ordinary intestinal upsets which are so 
common in childhood. In dispensary practice the admission of uncoopera- 
tive children to the ward usually has a quieting effect and saves much time 


* Read before the Surgical Section of the George Washington Post Graduate 
School, February, 1948. 
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in completing one’s examination. In the home, on the other hand, there 
are no shortcuts. When faced with crying antagonistic children, one has to 
make himself comfortable by the bedside and wait for the squall to sub- 
side. 

The symptoms which usually are learned over the telephone and which 
one is on the lookout for are first abdominal pain. In the rare baby afflicted 
with appendicitis this is announced by fretfulness. The pain is not always 
severe but is persistent and not just associated with vomiting as is often 
the case in other forms of gastric upsets. It is often cramp-like. The 
region of the umbilicus is indicated as the site of the pain early in the attack. 
It moves to the right lower quadrant within 24 hours. 

Vomiting practically always occurs but sometimes not for several hours 
after the pain commences. If there is persistent pain don’t become un- 
wary because vomiting has not taken place at the time the parent calls. 
Rarely nausea alone occurs without vomiting. 

The temperature practically never goes above 102°. Frequently pedia- 
tricians are urged by parents to come quickly because a child has vomited 
and complained of stomach ache with a temperature of 104°. The parent 
is afraid that the child has appendicitis. He can be reassured that this 
is almost certainly not true. A temperature of 104° from any cause will 
be accompanied by vomiting in many children. Presumably digestion is 
so interfered with by bacterial toxins that the stomach empties itself. 

Another point regarding temperature is that some mothers report the 
presence of temperature by feeling the child’s forehead. I remember one 
child with appendicitis whose mother reported erroneously that he had no 
fever. When checked, she admitted she had not used a thermometer. 
Finally, some cases of appendicitis have much less fever than 102°. I have 
seen one with 99.6°. 

There is one parental observation which is practically always worthless. 
That is a report of the child’s reaction to the parents palpating the abdomen. 
Time and again the child will object, saying that it hurts, yet when the 
doctor arrives the abdomen is completely soft and clearly not in need of 
surgery. Parents who are doctors themselves are fooled perhaps more 
often than laymen. There seems to be some automatic reaction on the 
part of the child to complain about a parent palpating his stomach. 

Successful examination depends, to use a borrowed sentence, upon a 
quiet approach, warm hands and gentleness in palpation especially at the 
start. The child usually does not look gravely ill but he will not be sitting 
up. He is found often lying on his side with his legs drawn up, and a young 
uncooperative child may have to be forcibly turned onto his back. — If 
crying and resistance to being examined occur, patience eventually will be 
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rewarded by the acceptance not only of the doctor’s proximity but of the 
presence of his hand lightly held on the abdomen. Dr. Brenneman directs 
that the physician sit on the child’s left side so that the flat of his hand 
rather than the tips of his fingers presses the McBurney region. Some 
examiners even move from one side of the bed to the other so as to always 
use the flat of the hand. While this is not necessary or practical as a rou- 
tine procedure, it is well to be aware of the discomfort which can be caused 
toa well person by palpation with the tips of the fingers, as one is liable to 
do when examining the side of the patient’s abdomen nearest him. 

For judging whether pressure on the abdomen causes pain in a child, 
one has only to watch his face. The grimace which in a young child is 
followed by a yell is 10 times more reliable than his ‘tyes’ and ‘‘no”’. A 
mischievous older child sometimes will say yes with a twinkle in his eye. 
Of course there are cooperative children whose yes or no is reliable and useful 
but the facial expression caused by pain is foolproof. 

The detection of the grimace in the child’s face is accompanied by a sense 
of resistance to the examining hand. Very occasionally in cases of appen- 
dicitis, I have seen a child’s face contort from pain on pressure with little 
or no accompanying rigidity. It must be in such cases that rigid inflamed 
appendices are said to be palpable occasionally. 

Tenderness in the right upper quadrant rather than the lower occurs 
occasionally due to a high position of the appendix. Just recently I saw a 
localized appendix abscess in this region. Such difficult respirations, 
splinting of the lower thorax and suppression of the breath sounds had 
occurred that two very careful doctors were convinced for 36 hours that the 
abdominal signs were secondary to penumonia. Retrocecal appendices 
cause pain and tenderness in the loin. Likewise, lower midline tenderness 
or even tenderness left of the midline occasionally occurs due to an ab- 
normally placed, inflamed or ruptured appendix. In such cases the neigh- 
boring bladder may be irritated producing frequency and dysuria and some 
pus may be found in the urine due to irritation of the ureter. 

Supporting signs of appendicitis such as the increase in discomfort on 
extending the right leg may be useful in questionable cases. 

Rectal examination usually is unsatisfactory in children because they 
complain with every movement of the finger. In the presence of definite 
signs of appendicitis on abdominal palpation most pediatricians including 
myself are content not to make a ritual of doing a rectal examination. On 
the other hand if the signs in the abdomen are indefinite there is a perfectly 
good chance that the child can be cajoled into tolerating a rectal examina- 
tion and that significant tenderness may be present on the right side indi- 
cating a low lying inflamed appendix. If the symptoms of appendicitis 
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have existed long enough for rupture and the formation of an abscess, 
rectal examination is important, as the suspicion of an abscess may be con- 
firmed by feeling a mass on the right side. 

The presence of leucocytosis is sometimes a deciding point in doubtful 
cases. However, if there are definite abdominal signs, the absence of 
leucocytosis would not stop one from operating with the expectation of 
finding appendicitis. Counts of eight or nine thousand are the exception 
and counts of fifteen or twenty thousand are the rule. A count of 3 or 4 
thousand would cause one to pause and consider the possibility of measles 
or even typhoid fever. A rather annoying notion exists in some parents 
minds that appendicitis cannot properly be ruled out without doing a 
white count. The child in question may be tearing about on a tricycle 
and laughing uproarously when you palpate his abdomen and yet as you 
replace your stethoscope in your bag the parent will ask whether you had 
better not do a blood count. 

The differential diagnosis is made by a pediatrician in two stages. First 
he must decide whether it is necessary to visit the child at all. Obviously 
he cannot visit every child with a tummy upset. On the other hand he 
must contrive never to fail to see one who may possibly have appendicitis. 
He must beware of wishful thinking at 2 A.M. or following a late after- 
noon cocktail. The presence or absence of pain is the main indicator. 
Vomiting and fever without pain can be safely ignored. Pain can be ig- 
nored if the child feels well enough to run about and eat. Pain which is 
complained of just before vomiting and then disappears can be temporized 
with. A child often does not distinguish between a feeling of nausea and 
real pain. When he says‘tMy stomach hurts’’ it is well to have a container 
ready. An enema often relieves unexplained pain completely. I am in 
the habit of assuming that even if the affliction should turn out to be ap- 
pendicitis, an enema during the first hour of symptoms would not encounter 
a gangrenous and rupturable appendix.t Finally, if the mother is told 
to give an enema or that the immediate symptoms do not justify a visit 
she should clearly understand that she is to call back if the picture fails 
io improve or worsens. If the physician does not caution the parent to 
report additional symptoms back to him, the responsibility for the rup- 
turing of an appendix may be his. 

The second stage in differential diagnosis occurs if the symptoms war- 
rant examining the child. I would guess that a pediatrician sees 100 false 
alarms for every one case he turns over to a surgeon. In most of these 


+ Dr. Donovan (Attending Surgeon, Babies Hospital, N. Y.) discussed this point 
He said that a rectal enema, as contrasted with a colonic irrigation, could be safely 
given during any stage of appendicitis. He considers the giving of an enema a very 
useful proceedure in many cases. 
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the abdomen is completely soft and the anterior abdominal wall can be 
pushed all the way back without any discomfort. If there is the slightest 
doubt in one’s mind he must arrange to see the child within a few hours 
again and perhaps more often. It is hard for unintelligent parents to 
understand that appendicitis cannot always be diagnosed immediately. 
I, for one, have had the experience of dismissing a case as not having ap- 
pendicitis and of being called several hours later because the child seemed 
worse to find the signs unmistakeable. Since then I am careful to direct 
that I be called if further symptoms develop. 

The condition which simulates appendicitis most nearly is mesenteric 
adenitis. A certain number of normal appendices are bound to be re- 
moved because some cases of mesenteric adenitis provide signs which are 
indistinguishable from appendicitis. 

Other conditions which simulate appendicitis are usually discoverable 
by a complete physical examination. Pneumonia is an important example. 
Occasionally there are no frank signs but even then one usually has some 
lead which suggests that the lesion is above the diaphragm. The presence 
of cough, dyspnea or thoracic pain, in addition to abdominal tenderness, 
would point to a central pneumonia. <A high white count (25,000) would 
also be suggestive. An x-ray picture or fluoroscopic examination may be 
the only way to be sure. It may be difficult to mobilize an x-ray depart- 
ment at midnight for anything so tame as a chest plate but without it 
there may be no way to avoid an exploratory operation which might be 
anything but tame in the presence of pneumonia. 

Pyelitis usually causes high fever and often a chill which appendicitis 
does not. While a few pus cells may occur in the urine from an inflamed 
appendix lying against a ureter, acute pyelitis will produce a microscopic 
field containing many pus cells using a drop of uncentrifuged urine. 

The engorged liver of acute heart failure may cause abdominal signs. 
Acute nephritis and rheumatic fever are the chief causes of unheralded 
heart failure. Rheumatic fever without heart failure and liver engorgement 
occasionally gives suspicious abdominal signs. Usually joint symptoms 
or an apical systolic murmur transmitted toward the axilla serves as a 
clue before surgery seems obligatory. Abdominal crises in sickle cell 
anemia simulate appendicitis in colored children. 

Upper respiratory tract infections are the most frequent of all causes of 
abdominal upsets but such cases are seldom difficult to separate from ap- 
pendicitis. On the other hand, everyone has observed the occurrence of 
appendicitis seemingly as a complication of pharyngitis. Epidemics of 
vomiting with or without diarrhea turn up several times a year sometimes 
with coryza, sometimes with just reddening of the pharynx (we are in the 
midst of one now). It is during these epidemics that one must be most 
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wary about overlooking an inflamed appendix. Measles often cause 
abdominal signs. Poliomyelitis may produce hyperesthesia in the ap- 
pendix region. Gonorrheal salpingitis in childhood is not unknown (one 
would not make this diagnosis in a child without the presence of a copious 
vaginal discharge and myriads of typical organisms on smear). The vom- 
iting which goes with acidosis is sometimes severe enough to cause suspi- 
cious soreness of the abdomen. These children are hollow-eyed and the 
skin is loose from dehydration. An intravenous infusion of glucose will 
usually relieve the abdominal signs. 

Suppurating adenitis of the iliac glands and inflammation of a Meckel’s 
diverticulum may be impossible to differentiate but both demand surgery 
anyway. 

Before leaving the subject two truisms might be stated. One, already 
mentioned, is that in a certain number of cases it is impossible to avoid 
going in on a normal appendix. The most critical differentials to make 
are heart failure and acidosis either of which might fail to survive an 
anaesthetic. The other was spoken by the late Dr. John Finney. He 
said it to comfort a worried doctor but Dr. Finney was always truthful. 
He stated that he had never known a physician who had not suffered the 
chagrin of allowing an appendix to rupture. 

The next most important condition which must be considered is intus- 
susception. This is so rare in any one person’s practice that he almost 
forgets its existence. It develops out of the blue in a healthy baby, 
usually a boy. Eighty per cent of the cases are under two years of age, 
70° under one year and 509% between the ages of five and seven months. 
The most satisfactory explanation for the occurrence is that a patch or 
several patches of lymphoid tissue in the mucosa of the lumen of the bowel 
swells as a result of some local irritation. This produces a swollen rigid 
portion of gut which fails to transmit peristaltic waves and instead acts as a 
foreign body which the bowel tries to expel. The mucosa at the ileocecal 
valve is heavily studded with lymphoid tissue and it is here that most 
intussusceptions start. You know the course of events which follow. 
First the mesenteric veins are squeezed off so that the head of the intus- 
susception oozes blood into the lumen of the lower bowel. With further 
progress of the head and more swelling, the arterial supply is cut. off. 
Gangrene and necrosis follow with the passage of bacteria through the 
damage intestinal wall to the peritoneal cavity. 

The onset of symptoms is sudden with attacks of severe abdominal pain. 
The baby screams and seems in great discomfort. In intervals between 
the attacks the baby is quiet and gradually becomes rather apathetic, 
which incidently helps in examining him. Vomiting may not occur for 
several hours but usually does occur several times. The temperature is 
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not elevated in the beginning. It is at this point (that is, soon after the 
onset of crying) that the pediatrician is likely to be called. He gets calls 
daily which may sound no different. When young babies for any cause 
really turn on the steam and yell, their legs are drawn up by the contraction 
of the abdominal muscles. Consequently when a mother reports that the 
baby is crying from stomach cramps the pediatrician may find otitis media 
to be the real cause. Often he finds no cause and the attack may subside 
as suddenly as it started. 

One procedure frequently advised for yelling babies is an enema which 
is usually administered with a syringe. If it does no other good, it occupies 
an interval of 10 or 15 minutes or longer during which the baby may well 
have stopped crying anyway. In the case of intussusception there is a 
good chance that it may make the diagnosis by returning bloody fluid. 
Of course early in the course of an intussusception there may be no blood 
in the lower colon, so a non-bloody return will not exclude the condition. 

With the persistence of attacks of erying and seeming abdominal cramps, 
the baby of course will be seen. It may be apparent to the physician that 
real cramps are taking place, the legs being jerked up before crying occurs. 
Apathy between attacks may be striking. Peculiarly the abdomen is 
flat rather than distended as might be expected with obstruction. Early 
in the course a mass may not be palpable. I have wondered whether this 
is because at the start there is not much of a mass or because at one stage 
the mass is in the upper abdomen in the transverse colon where palpation 
is difficult although often successful. Once the intussusception proceeds 
into the descending colon there is no trouble feeling it. It is not very 
tender. Kventually it may be felt rectally and occasionally protrudes 
through the rectum. Rectal examination, besides discovering the head 
of the intussusception, may serve the same purpose as an enema in Cases 
which have not passed blood spontaneously; that is, blood often mixed 
with mucus, which provides the classical currant jelly consistency, may 
be returned. 

On several different occasions | have seen intussusceptions overlooked 
in this early undiagnosed stage; no mass palpable, no vomiting and a 
normal stool. Once I have seen a pathetic mother hesitate in calling the 
doctor back during the night when vomiting commenced and the baby 
seemed sicker, and in the morning it was too late. As in cases of possible 
appendicitis, it is important to leave instructions to cover such a happening. 

When faced with a case in which intussusception is suspected but can’t 
be palpated, the giving of a barium enema by an experienced x-ray man 
will probably settle the matter. The trouble with this is that a most 
controversial therapeutic procedure stares you in the face as you watch 
the barium meet the convex head of the intussusception. Before you 
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know it the head begins to retract in a counter clockwise direction and 
who is to say when to lower the enema can. I have only witnessed one 
demonstration of this and in that case the head refused to be pushed further 
than the region of the cecum with what was considered safe pressure. 

Most surgeons, with vivid memories of watching blackened gut fail to 
become pink when released from an intussusception, believe that reduction 
by enema is unsafe. On the other hand, an occasional intussusception 
has reduced itself by the time laparotomy is performed.t 

Most peculiar is the occurrence very occasionally of chronic intussuscep- 
tion which may last for several days causing abdominal cramps and vomit- 
ing without severe toxemia. When reduced the gut is found viable. 

Differential diagnosis, besides considering conditions which cause babies 
to cry with seeming abdominal cramps, must deal with conditions which 
cause blood in the stools. Dysentery is one such condition. Here the 
blood is mixed with diarrheal stools; the baby is usually quite sick and 
there is fever. Soon abdominal cramps may complicate the picture. 
Every now and then a mother will call because a well baby with no symp- 
toms passes several stools smeared with blood and mucus. The condi- 
tion seems to cure itself and must represent some local irritation of the 
mucosa of the colon. Painful defecation with blood on the stool suggests a 
rectal fissure. Polyps usually in or close to the rectum cause bleeding and 
sometimes pain. Prolapse of the rectum may resemble a protruding in- 
tussusception. <A differential can be made by passing a blunt instrument 
into the rectum along side the protruding mass. In the case of a prolapse 
this is impossible. Purpura, both thrombocytopenic and Henoch’s, 
usually produces petechiae or hemorrhage elsewhere. ‘The pain in Henoch’s 
purpura may add to the suspicion of intussusception. 

While discussing bleeding we must consider a rare condition, namely 
hemorrhage from a Meckel’s diverticulum. Usually the only symptom 
is bleeding. This appears in the stool and may be profuse enough to color 
the stools bright red. More often the blood is darker or even tarry. 
Very rarely hemorrhage may be so massive as to be fatal. More commonly 
blood appears over a period of weeks in varying amounts. The site of 
the bleeding is an ulcer either in the diverticulum itself or the neighboring 
ileum. The areas of aberrant gastric mucosa in Meckel’s diverticuli 
secrete enough acid to ulcerate surrounding intestinal mucosa. The ulcers 
do not occur in the islands of gastric mucosa. Besides producing hemor- 
rhage these ulcers sometimes perforate causing either localized abscesses 
or generalized peritonitis. Short of rupture vague abdominal pains may 
be complained of. 


t Dr Donovan considers any attempt to reduce intussusception by enema as un 
safe and expressed some apprehension over the use of a barium enema for diagnosis 
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Besides ulcer formation Meckel’s diverticuli may become inflamed much 
like the appendix does. Symptoms of this so called diverticulitis are 
usually indistinguishable from appendicitis and, just as with the appendix, 
immediate operation and excision of the diverticuli is indicated. 

Of course intussusception is not the only cause of acute obstruction in 
infants and children. However, as in intussusception, the cause may be 
apparent on removing the diaper. Instead of a currant jelly stool one 
may find one side of the scrotum bulging with a hernia. In children old 
enough to localize pain, a descended hernia (on the point of producing 
obstruction) will be complained of before signs of obstruction develop. 
In an infant, on the other hand, vomiting and distension often occur before 
the unreduced hernia is noticed. Sometimes the swelling does not extend 
into the scrotum so that one is skeptical of the significance of the rela- 
tively small mass at the external inguinal ring. 

By the time a hernia has produced signs of obstruction, the chances are 
that enough congestion is present in the trapped loop of bowel to make 
reduction by means other than operation impossible. Not always, how- 
ever, and very recently one of the residents at Children’s Hospital reduced 
one manually so easily that he could not believe that the distension and 
vomiting were not due to some other obstruction and admitted the baby 
to the ward thinking an emergency operation was in order. That one 
should never use great force in manual reduction is obvious in view of the 
possibility that the bowel may be damaged already. 

Other less common causes of acute obstruction are volvulus, and internal 
hernias often caused by the presence of peritoneal bands of one sort or 
another. The classical signs of pain, vomiting, tympanites and obstipa- 
tion are present. 

The diagnosis of peritonitis is usually not difficult in older children. 
Occasionally in dispensary practice a child may turn up in a moribund state 
with his senses so dulled that abdominal plapation may fail to provoke an 
expression of pain. We mis-diagnosed such a case several years ago at the 
Children’s Hospital. Severe diarrhea was such a prominent symptom 
that we thought we were dealing with an enteritis until autopsy showed a 
ruptured appendix. However, it is seldom that a patient with peritonitis 
is allowed to go that long without seeing a doctor because from the start 
he is obviously so ill. 

In older children there is sudden abdominal pain with vomiting usually 
persistent. The temperature is high (103°-105°). The abdomen usually 
becomes swollen and tympanitic with ileus of the paralytic type. In 
spite of this diarrhea may occur and be quite severe. 

When seen from across the room the child’s face may suggest the diag- 
nosis by its strained, anxious expression. He will be lying on his back with 
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legs partially drawn up. Dyspnea will be present if the abdominal dis- 
tension is great. On examination the abdomen is tender to light palpation 
with marked rebound tenderness. If an umbilical hernia is present, as is 
sometimes the case, it will be found to be exquisitely tender to quite gentle 
touch. Leucocytosis above 20,000 is usually present. 

In infants the diagnosis is more difficult. The pain is expressed by fret- 
fulness which may make examination difficult. As in acute appendicitis 
in small children a great deal of time and patience may be required to 
make sure that the cry which accompanies the lightest pressure on the 
abdomen is more honest than the cry from being touched anywhere else. 
It has always seemed to me that the presence of rebound tenderness is 
extremely useful in such cases because it represents an involuntary re- 
sponse. If the baby jumps and yells from the quick withdrawal of light 
pressure, the peritoneum is just about bound to be inflamed on one side or 
the other. That is, if there aren’t bacteria in the peritoneal cavity there 
is acute inflammation of the appendix or some area covered by peritoneum. 

Once the diagnosis is made the question arises of whether the abdomen 
must be opened or not. A ruptured viscus naturally must always be 
uppermost in one’s mind. 

Before the days of the sulfa drugs and penicillin, peritonitis complicated 
such diseases as erysipelas and pneumonia with some regularity. While 
the possibility of a ruptured viscus was present in such cases, the probabili- 
ties were so heavily in favor of streptococcus or pneumococcus peritonitis 
that surgery was not considered. Peritonitis with septicemia belongs in 
the same category and peritonitis with nephrosis should be mentioned. 

There remains a large group in whom no primary focus or condition 
favorable to primary peritonitis exists. If the signs are localized on the 
right side, ruptured appendix becomes almost a certainty. If, on the other 
hand, the signs are general and the patient is a girl, and the peritonitis 
occurred with no preliminary signs of appendicitis, primary pneumococcus 
peritonitis is not unlikely. Even in boys primary peritonitis occurs oc- 
casionally. Most surgeons feel that exploration is the only safe procedure 
in all cases. On the other hand, a number of children’s hospitals have 
developed a technique of aspirating a sample of peritoneal fluid using a 
short bevelled needle. Only acute cases which seem likely to be suffering 
from primary generalized peritonitis are subjected to this procedure. 
Distention is a contraindication. If a stained smear shows very definite 
pneumococci or long chains of streptococci and no gram negative bacilli, a 
diagnosis of primary peritonitis is made and surgery is not done. On the 


other hand, if smears show gram negative bacilli or show nothing definite 
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at all, operation is carried out, the presumption being that some perfora- 
tion has occurred or at least has not been ruled out.§ 

In closing I might say that the pediatrician is subject to fits of self pity 
because it sometimes seems that he bears the brunt of the responsibility 
and effort in separating out cases which need operation and the surgeon 
gets all the glory, not to mention the reward. However, he must admit 
that there are times (when he is on the fence) that he gets a great sense of 
relief from shifting the final responsibility to the surgeon. 


§ Dr. Donovan believes that careful aspiration is useful in establishing a diagno- 
sis of pneumococcus peritonitis and so avoiding surgery in this condition. 








MESENTERIC CYST 
Case Report No. 119 


James M. Weaver, M.D. M. H. P. 46-2980 
George Maksim, M.D. 


This 73 year old white female was admitted to the hospital on August 
17, 1947 with a chief complaint of abdominal swelling and pain. Her 
illness dated back to about November 1945, when the mother first noted a 
swelling of the abdomen, and the child began to complain of mild non- 
localized colicky abdominal pain which was irregular coming at intervals 
of 1 to 2 days to 1 to 2 weeks. The abdominal swelling apparently did 
not increase markedly until late March 1946 when, during the following 
three weeks, it showed rapid progressive enlargement. She was admitted 
to this hospital on April 19, 1946 with the above history and the added note 
that she had been running an afternoon temperature of 99 to 100 degrees 
(oral) F. Past history and family history were non-contributory. Specific 
questioning as to tuberculous contacts was equivocal. The child had 
never been out of the city and never had any unpastuerized milk or milk 
products. 

Physical examination on admission showed a thin undernourished child, 
who did not appear acutely ill. There was evidence of an apical abscess 
of the first left upper incisor. The tonsils were markedly cryptic and en- 
larged and there was some cervical adenitis. The abdomen was uniformly 
distended and globular, with the overlying skin tense and shiny. The 
veins of the lower abdomen were dilated. There was dullness to percus- 
sion, a definite fluid wave, and shifting dullness in the flanks on change 
in position. Abdominal respiratory movements were absent, and the 
cardiac impulse was displaced upward and outward. 

Laboratory studies included several hemograms which were normal 
except for a slight anemia. Urine analyses were negative except for one 
on April 23 showing sulfa crystals. Repeated sedimentation rates ranged 
from 23 to 29 mm hr. <A urine culture and smear revealed no acid fast 
bacilli. The non-protein nitrogen was 29.5 mgm%, total protein 5.38, 
AG ratio 2.3/1 and the icterus index 12 units. The cephalin flocculation 
was 2 plus in 24 hours and 3 plus in 48 hours and the blood Kahn and 
Wassermann were negative. 

X-rays of the chest showed a marked bronchitic condition, and small 
areas of calcification at the roots suggesting a healed primary complex 
with no evidence of active pathologic change. The bones of the wrists 
and of the lower extremities were said to be normal. An abdominal flat 
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plate showed no abnormality, and an intravenous pyelogram showed the 
kidneys, ureters, and bladder to be normal. 

The patient ran a mild afternoon elevation of temperature during most 
of her stay in the hospital; however, it was never over 100.1 degrees F 
(rectal). A PPD #2 was read as 4 plus on April 22. She was treated 
with sulfathiazole 0.5 gm. and penicillin 20,000 units intramuscularly 
every 3 hours for about 30 hours, and after that was given penicillin 50,000 
units every 3 hours by mouth for the rest of her hospital stay. An abdomi- 
nal paracentesis was done on April 23 which yielded 1500 ec. of odorless, 
yellowish turbid fluid. Examination of the fluid showed a specific gravity 
of 1.017; the smear revealed no organisms, and the culture showed no 
acid fast bacilli. Following the paracentesis the abdominal swelling 
abated to some extent. The first left upper incisor was extracted during 
this hospital stay. She was discharged on April 30, 1946 with a diagnosis 
of probable tuberculous peritonitis. 

The patient was readmitted on June 1, 1946 with no marked complaints. 
She had been getting along well at home, and had had no fever, nausea, 
vomiting or constipation. No further enlargement of the abdomen had 
been noted. Physical examination showed hypertrophic and cryptic 
tonsils, and the abdomen was said to be slightly bulging, with no masses, 
tenderness, fluid wave, or shifting dullness. The liver was palpated 2 cm. 
below the costal margin. Hemograms showed a slight anemia, urine 
analyses were negative, and the sedimentation rate was 7 mm/hr. Ab- 
dominal paracentesis was attempted on the day of admission, but no 
fluid was obtained. The trocar surface was cultured, and no acid fast 
bacilli were found. No specific treatment was given, and the patient 
remained confortable, with the temperature ranging from 98.4 to 100.2 
degrees F (rectal). A tonsillectomy and adenoidectomy were done on 
June 4, and the patient was discharged on June 6, in apparently good 
condition. The tonsils were examined by the pathologist and gave no 
gross evidence of tuberculosis. 

Readmission on July 25, 1946 was advised by the child’s physician after 
seeing her for a routine checkup. History at the time revealed that she 
had been getting along fairly well, and had no particular complaints. 
Physical examination showed shifting dullness, a fluid wave, and mild 
ballotment in the abdomen. Abdominal paracentesis on the day of ad- 
mission yielded no fluid and the child was discharged on the same day. 
A hemogram showed the same slight anemia, and a urine was negative. 
An x-ray of the chest showed evidence of a healed primary complex, but 
no evidence of active pathologic change. 

On the last admission, August 17, 1947, the child complained of abdomi- 
nal pains, low on the right side, which had started two days previously. 
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This pain was noticed only when standing or sitting but not when lying 
down. On the day of admission she had vomited twice; there had been 
no anorexia, and the bowels were regular. There was no fever. Interval 
history revealed that she had had occasional attacks of abdominal pain, 
fever, and nausea and vomiting since the last admission. Two abdominal 
paracenteses had been performed in the physician’s office. The abdominal 
swelling had not been too marked until recently, when within the last 3 or 
4 weeks the enlargement had been progressive. 

Physical examination showed an elevation of the diaphragm, with de- 
pressed breath sounds at both bases posteriorly, and the abdomen was 
said to be rounded, protruding in both flanks, with muffled peristalsis. 
Palpation showed it soft, without masses or spasm, but with mild tender- 
ness in both lower quadrants. There was a fluid wave present. A hemo- 
gram showed slight anemia, 9,200 white blood cells with 859% neutrophiles, 
and a repeat count showed 12,000 white blood cells with 75% neutrophiles 
(69 polymorphonuclears, 4 stabs, 2 metamyelocytes). The urinalyses 
were negative and the sedimentation rate was 22 mm/hr. An x-ray of 
the chest showed the same healed primary complex with no evidence of 
activity. 

The patient was operated upon on August 19, 1947 and the pertinent 
surgical findings were as follows: 

1. No free fluid in the abdomen. 
2. Cystic mass filling the abdominal cavity. Origin appears to be in 


the mid jejunum or its mesentery. 
3. No evidence of obstruction. 


4. Other abdominal structures normal. 

The mass, gut, and mesentery were exteriorized through a large right 
paramedian incision, and excised in a large wedge of tissue. An anastomo- 
sis, end to end, was then done with the divided jejunum, and the mesenteric 
split was sutured. The abdominal wall was closed in layers. 

The post-operative course was relatively smooth. Parenteral fluids and 
a Levine tube with suction were used immediately post-operatively. The 
sutures were removed on the 6th post-operative day, and the patient was 
discharged in good condition on the 9th post-operative day. 


PATHOLOGICAL DISCUSSION 


Dr. Harold Bischoff: The specimen consisted of a large, fatty, loculated, 
eyst-like structure which measured 27 x 18 x 14 em. It contained 3060 
cc. of odorless, homogenous, milky fluid. Approximately 17 em. of small 
intestine (jejunum) was attached to the cyst but did not communicate 
with it. The cyst appeared to arise between the leaves of the mesentery 
of the jejunum, forming two small loculated cavities above the level of 


it 
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the intestine and three cavities below that level. One of these cavities 
below the level of the intestine was quite large in relation to the other two 
(Figure 1). All of the cavities communicated with one another and they 
were separated from one another by means of thin fibrous septae. (See 
Figures | and 2.) The wall of the cyst was very thin and contained some 
blood vessles. The inner surface of the cyst was smooth. 


Wall 






Mesenteric 
Attachment 


Fic. 1. Diagrammatic sketch of mesenteric cyst showing the location of the locu 
lations. Case of M. H. P. 


Chemical examinations of the fluid contained within the cyst revealed 
the following: 


Specific gravity 1.018 

Cholesterol 255 mgm.°; 
Chlorides 594 mgm.% 
Total protein 3.90 gm.% 
Albumin 3.78 gm.% 
Globulin 0.22 gm.% 


Unfortunately chemical determination of total fat was not done; however 
the high cholesterol and the milky appearance of the fluid would suggest a 
high fat content. The albumin globulin ratio of 17:1 is higher than the 
figures of 3 or 4:1 as quoted by Hawk, Oser and Summerson"). 

Microscopic examination of the cyst wall revealed it to be made up of 
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connective tissue. The serosal surface showed fat and numerous collec- 
tions of lymphocytes. The interior of the cyst showed a lining of delicate 
villous-like structures which contained small capillaries and collections 
of lymphocytes and plasma cells. Throughout the tissue, numerous col- 
lections of lymphocytes were noted. 

Injection of the cyst fluid into a guinea pig and cultures did not reveal 
any evidence of mycobacterium tuberculosis. 





Fic. 2. M.H.P. Pathologie specimen showing mesenteric cyst lying in the mes- 
entery of the resected small gut. 


The main differential diagnosis of this structure is obviously between a 
duplication of the intestinal tract and mesenteric cyst. 

According to Ladd and Gross”? the type of epithelium lining a duplica- 
tion resembles the epithelium of some portion of the alimentary canal, 
however it does not necessarily have to correspond to the type of epithelium 
at the level of the alimentary tract at which the duplication is found. 
Usually the fluid found within a duplication is a clear, colorless mucoid 
substance which has been secreted by the epithelial lining of the structure. 

Quoting again from Ladd and Gross®? the liquid within a mesenteric 
cyst may either be serous or chylous, and being in most instances serous. 
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Of eight mesenteric cysts in Ladd and Gross’ series, five of them contained a 
chylous fluid and all of these arose in the mesentery of the jejunum. 

Reduplications of the alimentary tract and mesenteric cysts have some- 
what similar positions in the mesentery, however they differ pathologically. 
The mesenteric cyst has a thin wall with no muscular coats or mucosal 
lining. A duplication of the alimentary tract is thick walled and is made 
up of a mucosal membrane lining, two layers of unstriated muscle and a 
serosal coat. 


The pathological diagnosis in this case was mesenteric cyst. 


DISCUSSION 

George Maksim, M.D.: This child presents several interesting findings. 
Her original history of rapidly enlarging abdomen in the 3 to 5 months 
before her first admission, coupled with low-grade fever, a positive tuber- 
culin test (PPD #2) and yellowish fluid obtained by paracentesis made 
the diagnosis of tuberculous peritonitis seem quite certain. Considering 
the possibility that the abscessed tooth might be the cause or at least 
contribute to the febrile episodes this tooth was removed. An attempt 
was also made to treat the obviously diseased tonsils with combined 
penicillin and sulfone therapy. The tonsillectomy was done on the second 
admission for three reasons: (1) Obviously diseased tonsils with cervical 
adenitis over a period of several months made operation justifiable; (2) 
removal of the additional focus of infection might reduce the febrile reac- 
tions and improve the child’s health and increase the chances for recovery, 
and (3) possibly tuberculosis could be proved in the tonsils since there was 
no other evidence of acid-fast infection. 

After the hospital admission in July 1946 when an attempted abdominal 
paracentesis yielded no fluid, the patient was not seen until January 1947. 
At that time her condition was unchanged; the blood count was normal 
and the sedimentation rate was 3 mm per hour. The chest x-ray showed 
no change. She then was seen again in July 1947 and displayed a weight 
gain of 5 pounds in one year and this all appeared to be in the abdomen 
in the form of ascites. A paracentesis was again attempted and only 
about 5.0 ec. of grayish milky fluid was obtained. This was negative 
for tubercle bacilli on direct examination, culture and animal inoculations. 
It was then considered that she might possibly have a loculated peritonitis 
from a necrotic or caseous mesenteric node or that she had a multilocular 
cyst of some kind. 

As mentioned above, about 2 days before her last admission she developed 
abdominal symptoms and signs which were not incompatible with acute 
appendicitis or intestinal obstruction and so surgical intervention was 
deemed advisable. 

Montgomery", in discussing lymphagiomatous cysts of the omentum, 
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mentions the fact that the condition may resemble tuberculous peritonitis 
or ascites with the fluid being clear straw-colored or milky. Tedesco and 
Connell® have reported a case in a nine year old female whose history 
has many points in common with this case. A preoperative diagnosis of 
tuberculous peritonitis or Banti’s disease had been made only to find at 
operation an enteric cyst containing 3500 cc. of fluid. These tumors are 
all benign and do not recur. 

It should be emphasized that the diagnosis of tuberculous peritonitis 
must not be made finally without recovery of the organisms or at least 
evidence of active tuberculosis. In all questionable cases surgical explora- 
tion is certainly justifiable and carries very little risk. 

Several months after operation, this child continues to do well and en- 
oys the activities of a normal girl which she did not do previously. 
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MALIGNANT TESTICULAR NEOPLASM IN AN INFANT 


Case Report No. 120 


Martin F. Randolph, M.D. G. D. 38-5896 


In infants and children a unilateral scrotal mass will usually be con- 
sidered a hydrocele (congenital or acquired), a scrotal hernia, an hemato- 
cele, traumatic or infectious orchitis, tuberculosis, congenital cysts of the 
scrotum or a neoplasm in that order of probability. 

If the mass is a neoplasm, it will almost certainly be malignant and death 
due to early and wide spread metastasis is the rule. 

Such was the case in the report which follows. 

G. D., a 26 month old colored male, was admitted to Children’s Hospital 
on May 29, 1939 with the chief complaint of convulsions of 4 hours dura- 
tion. The child had had a right-sided scrotal mass for 10 months prior 
to admission. The mass apparently did not bother him. Tenderness, 
pain, dysuria or other genito-urinary symptoms were not complained of. 
Swelling of the testicle gradually increased in size until, at the time of 
admission, it assumed the size and shape of a small grapefruit. Salves, 
baths and other local remedies were variously prescribed without avail. 
Finally, the child was scheduled for surgical removal of the mass at a local 
hospital. He developed pertussis and the operation was postponed. 
Weight loss became apparent one month prior to admission and had been 
rapidly progressive. 

Five hours before admission the patient suddenly developed a left- 
sided, clonic convulsion. 

Physical examination on admission revealed a poorly nourished, wasted 
individual in a left-sided clonic convulsive seizure. Temperature was 
103°, pulse 140, respirations rapid, deep and ‘‘sighing.’’ The eyes were 
fixed in a stare and the corneal reflexes were absent; deep reflexes were 
hyperactive on the left and hypoactive on the right; there was left sided 
spasticity and a right-sided flaccid paralysis; Babinski, Kernig and Brud- 
zinski were all positive. The liver edge was palpable 3 finger breadths 
below the costal margin; its surface was hard and nodular. The spleen 
was not palpable. Filling both lower quadrants of the abdomen was a 
firm, fixed, nodular mass. No inguinal, cervical or axillary lymphadenop- 
athy was noted. 

The scrotum was considerably enlarged on the right side. The skin 
was not reddened or edematous and was freely moveable over the tumor 
mass. The mass was pear-shaped and of firm, rubbery consistency meas- 
uring 10x 6.5em. The testicle could not be palpated separately from the 
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tumor mass. The mass was not reducible and did not trans-illuminate. 
The perineum was normal and no masses were felt in the right inguinal 
canal. The left testis was of normal size and consistency. Rectal ex- 
amination was not done. 

The patient was given anti-convulsant therapy, oxygen, plasma and 
parenteral fluids but was in obvious extremis and died in less than an 
hour. A lumbar puncture revealed normal spinal fluid. 

Clinical impression was malignancy of the right testicle with wide- 
spread metastasis to the liver, peritoneum and brain. 

Necropsy Findings 

Autopsy revealed a right testicular malignancy with metastasis to the 
liver and retro-peritoneal lymph nodes. The liver was seen to be studded 
with gray elevated nodules varying between 1 to 3 em. in diameter. Mi- 
croscopically these nodules were of similar histological structure to the 
testicular neoplasm described below. 

The mass described as filling the lower abdominal quadrants on admis- 
sion physical examination was seen to be a mass of retro-peritoneal nodes 
extending across the entire abdomen to the medial aspect of the two kid- 
neys With its superior margin on a level with the upper pole of the kidneys 
and its inferior margin at the pelvic brim. The mass weighed 500 grams. 

The scrotum was greatly enlarged and stretched over a large smooth 
rubbery tumor involving the right testis. The left testis was in the upper 
portion of the scrotum and appeared grossly normal. The tumor was 
pear shaped and measured 10 x 6.5 cm. No masses were felt along the 
vas deferens. 

The scrotum was removed with moderate ease revealing a smooth, white 
mass. On section, the white surface was found to be a rather thick capsule 
within which was seen several roughly circular, yellow masses separated 
by a thin layer of connective tissue. The yellow tumor tissue was soft in 
consistency and slightly hemorrhagic. The tumor weighed 219 gms. 
Microscopic Findings 

E. Clarence Rice, M.D.: The testicular tumor has a rather loosely ar- 
ranged pattern with a considerable fibrous matrix. Areas of necrosis and 
hemorrhage are present. The greater portion is made up of epithelial 
cells of rather small size with variably staining nuclei, a number with evi- 
dent nucleoli and an occasional cell in mitosis. In general these cells tend 
to present themselves in an alveolar or glandular arrangement. Occasion- 
ally an area is noted which has a reticular pattern with large cells with 
deeply staining polygonal nuclei. Such portions of the tumor appear to 
be representative of focal chorioepithelioma. Diagnosis: Embryonal 
carcinoma. 
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Histopathological Diagnosis 

Embryonal carcinoma of the testis with metastatic involvement of the 
liver. 

Pulmonary edema and emphysema. 

“atty metamorphosis and cloudy swelling of the liver. 


DISCUSSION 

Martin Randolph, M.D.: Benign tumors of the testicle are almost un- 
heard of in children; malignant tumors of the testicles are rare.“: 2:3) 4. © 
Thus in the 5,500 cases of tumors of the testicle reported by Gilbert and 
observed in the long span of 1803 to 1942, only 131 were in children. 
Again, the infrequency with which the genito-urinary tract is a site for 
malignancy is indicated by Dargeon’s study.®) He reveiwed 1,557 cases 
of malignant tumors in children and found only 211 instances in which 
the genito-urinary tract was involved. 

Probably one of the most informative reports of the earlier years on 
tumors of the testicles in children was that of Julien.“’ He reported 137 
cases of testicular tumors with the following age distribution. 


Tumor Noted Cases 
At birth.... 20 
1 year 27 
2 years 20 
3 years 9 
# years . 6 
5 years 6 
6 years 8 
7 years 6 
S years 2 
9 years 0 
10 years 2 
ll years ] 
109 
Age not known 28 


As Campbell points out’, ‘The condition is rare in the young in whom 
it is most often observed in infancy.” Of the 139 cases, 25% were cancer, 
22% were teratomas and the great majority were mixed embryonal tu- 
mors.“ That the mixed embryonal type is the most common tumor of 


9) 


the testicle in children is generally agreed.“: &: 7: Among the rare types 

that have been reported are rhabdomyoma (1 case)’, seminoma (1 case), 

chorio-epithelioma (2 cases)? and Wolffian epithelioma (1 case). 
Meltzer and Bloom”? in an extensive review of the literature have only 


been able to uncover four histologic reports of malignant testicular tumor 
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in infants, implying that at least some of the earlier reports were not en- 
tirely reliable. A short description of these four cases is noted below: 

Case *1: The testicle was enlarged at birth and removed in the third 
vear. It was found to be a teratoma with sarcomatous degeneration. 

Case *2: The testicle was enlarged at birth and was resected at 11 
months. This was followed by metastases to abdominal and cervical 
glands. The child died in two weeks of what was thought to be adeno- 
carcinoma. 

Case *3: A 7 month old infant with left testicular enlargement of one 
months duration treated by simple orchidectomy and _ post-operative 
radiation and reported as living and well in a follow-up study of 43 months. 
This, like the previous case, was an embryonal adenocarcinoma. 

Case *®4:% That of a 3 day old infant with right testicular enlarge- 
ment. The testicle was described as being non-tender, oval and heavy. 
Its surface was smooth, regular and of uniform consistency. The spermatic 
cord was normal. There was no regional glandular enlargement. The 
right testicle was removed and the tumor found to be a Wolffian epitheli- 
oma. The author remarks that the post-operative course was normal but 
does not clearly state if the patient eventually recovered or succumbed. 
Meltzer and Bloom”? report their own case of adenocarcinoma of the 
testis (right) occurring in an 8 month old boy. The mother noted the 
swelling at birth. A right orchidectomy was done and no evidence of 
metastasis was found in a 6 year follow-up. Post-operative radiation was 
not given. 

Prognosis: Meltzer and Bloom’s patient is one of the rare cases which 
survived from testicular tumor in infancy and childhood. Malignant 
testicular tumors characteristically metastasize early and widely to the 
lumbar, iliac and coeliac nodes and to the liver, lungs, brain, bones and 
elsewhere. The earliest sign is unilateral scrotal enlargement and by the 
time this is noticeable, metastases have occurred and surgery is usually not 
indicated. The mortality at the end of 5 years when surgery (castration) 
alone is employed is 95°;. The prognosis is somewhat better when pre 
and post-operative radiation is employed but is still very poor. 

Summary: A case of malignant testicular tumor is reported, believed 
to be an embryonic carcinoma. This case, according to a recent report, 
would represent the 6th authenticated case of a malignant testicular 
neoplasm in infancy. 
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THE ROLE OF THE DONNAN MEMBRANE EQUILIBRIUM 
IN THE PRODUCTION OF EDEMA 
Harold W. Bischoff, M.D. 
Elmer F. Fantazier, M.D. 

The Donnan membrane equilibrium is responsible for a number of 
physico-chemical effects of prime physiological importance. Generally 
speaking this effect is responsible for a difference in pH on opposite sides 
of a cell membrane across which hydrogen ions can diffuse, for electrical 
potential differences between two sides of a membrane, for differences in 
osmotic pressure between the extra-cellular fluid and the interior of the 
cell, and for differences in osmotic pressure between the vascular system 
and the interstitial fluid. It is with the latter factor that this paper is 
concerned. 

In essence, the Donnan effect is a state of ionic equilibrium between two 
sides of a semi-permeable membrane. In this situation there are present 
in the solution diffusible ions and an ion, such as protein, to which the 
membrane is not permeable. 

An illustration will perhaps serve to clarify this definition. Suppose we 
have in solution two substances, NaProt. and NaCl, separated by a mem- 
brane which is permeable to sodium (Na*) and chloride (cl~) ions but not 


to the protein;(Prot~) ion. 
This situation may be represented by the following diagram: 


(1) (2) 
Na Na‘ 
P Cl 


After equilibrium has been established, a certain proportion of sodium 
ion and chloride ion will have diffused from cell No. 2 into cell No. 1 and 
ultimately the product of the concentrations of the diffusible ions on one 
side of the membrane will be equal to the product of the concentrations 
on the other side. 

In the accomplishment of the equilibrium, the amount of work for the 
isothermal reversible transfer of a single molecule of sodium from cell 
No. 2 to cell No. 1 is equal to the work gained by a corresponding isotherma! 
reversible transfer of a molecule of chloride. If we consider then that we 
have an infinitely small isothermal and reversible change in this system 
in which dn molecules of sodium and dn molecules of chloride participate, 
the increase in free energy is zero. 
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Expressing this by equation: 


dnRT log. a = —dnRT log. a : (1) 
eliminating dnRT by dividing through: 

Log. (Na*), = —log, rs (2) 
(Na*), (Cl), P 

or 
log. (Nat). — loge (Na*), = —log. (Cl-)2 + log. (Cl>), (3) 

or 
log. (Nat): + log. (Cl-)2 = log. (Na*), + log. (CI>); (4) 

or 
(Nat), X (Cl-)2 — (Nat) & (Cl) (5) 


The concentration of the protein ion (Prot~) does not enter into these 
calculations. 

It should also be stated at this time that since the total concentration 
of anions will be equal to the total concentration of cations, electrical 
neutrality will exist. 

(1) (2) 


(Nat) = (Prot~) + (Cl) (Nat) + (Cl) 


After passage of the diffusible ions across the membrane, the following 
condition will exist: 


(1) (2) 


(Na*) (Prot~) (Cl-) (Na*) (Cl-) 
oC «%¥ C, Xx Gi-% &«% 


Where C; and C, are the original molar concentrations in compartments | 
and 2. 

Substituting the above values in equation 5: 

Solving for X 


ll 


(C, — X)(X) = (C, — X}? 
CX - X= C, -~ 90,X — X 
C,X + C, = XX 

CX -2%,X=C 


X(C, — 2C,) = 


| 
A 
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By appropriate substitution of blood and interstitial fluid electrolyte 
values in C; and C2, the amounts of sodium and chloride ions crossing the 
membrane can be computed. 

For the moment, let us leave the Donnan equilibrium and consider the 
osmotic pressure relationships of blood and interstitial fluid in connection 
with the sodium ion. 

Using the following data, the osmotic pressure due to the sodium ion 
in the blood and interstitial fluid will be computed. 


Na* concentration of interstitial fluid (if) = 147 meq/1. 
Nat concentration of plasma (p) = 154 meq/1. 
Refering to the funadmental gas law, PV = nRT, which holds for rela- 


tively dilute solutions, we may compute the osmotic pressures of the two 
fluids. By refering to the International Critical Tables we find that the 
osmotic activity coefficient (¢) for sodium chloride is 0.93. The gas law 


formula thus becomes PV = ¢ nRT 

and 
O.P.i¢ = (0.93)(0.1469)(0.082)(310) = 3.47 atm. = 2637 mm Hg. 
O.P.,, = (0.93)(0.154)(0.082)(310) = 3.64 atm. = 2756 mm Hg. 


The higher osmotic pressure of the plasma would tend to hold water 
out of the tissues, however if through some error of metabolism (renal or 
otherwise), sodium were not eliminated, then the concentration of sodium 
in the plasma would build up and the Donnan equilibrium would come into 
play. 

As a concrete example, let us say that the concentration of sodium ion 
in the plasma is raised to 200 meq/1. After establishment of the equi- 
librium: 


(0.200)? 
0.147 — 2(0.200) 


x = 0.073 mol 
This would increase the osmotic pressure of the interstitial fluid by: 


AO.P.i¢ = onRT 


(0.93)(0.073)(0.083) (310) 
AO.P.i¢ = 1.74 atm. — 1322 mm Hg. 


This increase in osmotic pressure would tend to draw more fluid into 
the tissues with the production of edema, or, if edema were already present, 
an increase in that condition. It should be borne in mind that calcula- 
tions of this sort are for a static system and it is difficult to apply rules 
and formulae to a dynamic system which ordinarily apply to a static one. 
As life progresses and a high level is maintained, more and more of the 
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constituent will pass over due to the fact that a hypertonic solution in the 
tissues will draw in more water to neutralize the increase in osmotic pres- 
sure hence diluting the tissue electrolyte and starting the process anew. 

So much for the theoretical considerations. Now let us observe what 
happens when a subject with an imperfectly functioning renal system, with 
edema and ascites, is given sodium chloride. 

J. H., a two year old white female was admitted to The Children’s 
Hospital with a diagnosis of nephrosis. On admission the child had anasarca 
and ascites. Her weight was 56 lbs. (25.4 _ Kgm.) against a normal of 26.4 
lbs. (12 Kgm.) for a child of her age and height. An abdominal para- 
centesis was performed immediately after entry to relieve the respiratory 
difficulty occasioned by the tremendous ascites. A urine specimen taken 
on entry revealed the presence of many hyaline and finely granular casts 
and a moderate number of red and white blood cells. This would indicate 
that the child was not a pure lipoid nephrosis. 


TABLE I 


nei ALBUMIN | GLOBULIN Bi , a eae ; a ag 

gms % gms % gms % mem “| mem Yo 
Blood 3.17 1.28 1.89 0.68 412 220 
Ascitie Fluid 0.34 0.026 0.314 0.08 512 20 
Edema Fluia 0.34 0.022 0.318 - 0.06 195 15 
Urine 3.56 1.89 1.67 1.1 63 - 


Two days later an abdominal paracentesis was again performed, edema 
fluid was collected by means of Southey tubes, a blood specimen was taken 
and a urine specimen was also collected. Total protein, A/G ratios, 
sodium chloride and cholesterol determinations were done on all of these 
fluids. The results are given in Table I. 

Following this a total of two and one half (2.5) grams of sodium chloride 
in 0.5 gram doses were administered by mouth over a period of 48 hours 
for study purposes. 

At the end of this time, ascitic fluid, edema fluid and blood were again 
collected and the same determinations made. No urine was obtained 
during this time since the child had become anuric.... This latter fact 
should not be interpreted as a contraindication to performing this study 
since it is a well-known fact that in the presence of increasing edema in 
nephrosis, a patient will become anuric. The blood non-protein nitrogen 
rose to 56 mgm.% by the end of the study. Twenty-four hours after the 
withdrawal of the sodium chloride, the child again began to excrete urine. 
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The results of the second series of determinations are summarized in 
Table IT. 

During the entire study the child continued to lose fluid from the abdomi- 
nal paracentesis wound and from the sites of introduction of the Southey 
tubes, and also from an area on the right foot where the integrity of the 
skin had become disrupted before hospital entry due to the marked tissue 
distention by edema fluid. At the beginning of the study the child weighed 
41 lbs. (18.6 Kgm.). Four days later she weighed 33 Ibs. (15 Kgm.) and 
six days after the sodium chloride was withdrawn she weighed 30 Ibs. 
(13.6 Kgm.). 

Now let us compute the amount that the sodium chloride should have 
risen in the ascitic fluid and compare it with the amount actually observed 


TABLE II 


TOTAL A/G SODIUM CHOLES- 
PROTEIN SN | ee RATIO CHLORIDE TEROL 
gms % gms % gms % mgm “| mgm “ 
Blood 3.6 2.5 1.1 2.3 528 270 
Ascitie Fluid 7 0.13 1.5 0.08 808 5 
Edema Fluid 0.3 0.1 0.2 0.5 759 5 


by laboratory test. The blood sodium chloride rose to 528 mgm.% (Ce). 
We will accept 512 mgm.[% of NaCl as C). 


then 
C, = (512)(0.4) = 204.8 mgm% Na* = 89 meq/1l = 0.089 mol/l Na‘ 
C, = (528)(0.4) = 211.2 mgm% Na* = 92 meq/1 = 0.092 mol/1 Na’ 
then 
(Cy)? 
x= 
C, — 2C, 
(0.092)? 
x= 
(0.089) — 2(0.092) 
x = 0.031 mol Nat 
then 


Cc, — X 0.120 mol Na* 


120 meq/1 Na* 


ll 


276 mgm % Na* 


690 mgm °% NaCl 


or 
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The theoretical figure of 690 mgm.% of NaCl is somewhat lower than 
the observed figure of 808 mgm.% of NaCl. This may be explained by 
the fact that, as mentioned above, we are applying the rules of a static 
system to an extremely complex dynamic system. 

We may conclude from this study that the Donnan membrane equilib- 
rium is operative in the transfer of sodium chloride from the plasma to 
the ascitic and edema fluids. The transfer of fluid is a function of the 
increased osmotic pressure occasioned by the increased salt concentration 
in the interstitial fluid. Although this child actually lost weight during 
the course of the investigation, this was due to the fact that tremendously 
large quantities of fluid were expelled from the abdominal paracentesis 
wound and from the sites of introduction of the Southey tubes. No at- 
tempt was made to evaluate the actual quantity of fluid lost. Had the 
defects of the integument not existed the child would undoubtedly have 
gained a large amount of weight. 


We wish to acknowledge the assistance of Mary Jane Pistorius, M. T. and Miss 
Alleyne Mathews in performing the laboratory tests. 








SUBCUTANEOUS EMPHYSEMA FOLLOWING RUPTURE OF 
THE TRACHEA 


Case Report No. 121 


Abram Berry, M.D. F. K. 42-607 


This 6 year old colored male was admitted to Children’s Hospital on the 
9th of December 1947 because of swelling of the chest and difficulty in 
breathing. The boy was well until 11 A.M. on the day of admission. 
While playing in his bed he fell off striking the center of his neck against 
the side of the bed. He immediately resumed play. Ten minutes later 
he began to complain of a sore throat and it was noted that his neck was 
swollen. The swelling progressed rapidly to include the face, chest and 
arms, and there was extreme difficulty in breathing. The past history 
was non-contributory, and the family history was essentially negative. 

The admission examination revealed a well developed and nourished 6 
vear old colored male who was in moderate respiratory distress. There 
was moderate swelling of the face, neck, chest and arms, and crepitation 
was noted upon palpation over these areas. A small bruise was noted in 
the region above the second and third tracheal rings. The eyes, ears, nose 
and throat were essentially negative. Subcutaneous emphysema was 
noted over the entire chest, anteriorly and posteriorly. Breath sounds 
were bilaterally diminished, and no dullness or rales were noted. The 
heart was apparently not enlarged. The heart sounds appeared faint but 
regular and no murmurs were heard. There was no evidence of shift of 
the mediastinum. The remainder of the examination was essentially 
negative. 

A hemogram on admission revealed 10.5 grams of hemoglobin, 4,200,000 
red blood cells, and 6,000 white blood cells with a normal differential. 
Urinalysis on two occasions was essentially normal. X-ray of the chest 
(Figs. 1 and 2) on admission revealed marked subcutaneous emphysema ; 
because of the latter the underlying structures could not be visualized. 

The patient was placed in oxygen immediately upon his arrival on the 
ward, and was started on sulfadiazine 0.5 grams every 4 hours by mouth 
and 100,000 units of penicillin every 3 hours intramuscularly. No improve- 
ment was noted upon this regime and the patient began to have more 
respiratory distress which was manifested by dyspnea and a rapid respira- 
tory rate. At this time the emphysema had extended down to both wrists, 
over the entire thorax, up to the mandible bilaterally, and even over the 
abdomen down to the inguinal ligaments. It was decided to perform a 
tracheotomy immediately. 

The patient was taken to the operating room and a tracheotomy was 

134 


0) 
il. 
st 


dd. 
he 


th 


re 


ha 


he 


Vas 


CHILDREN’S HOSPITAL 135 





performed at the level of the fourth tracheal ring. A small laceration was 
noted above the second tracheal ring. It was thought advisable not to 
attempt to suture it. The patient showed immediate respiratory improve- 
ment following the tracheotomy and he was again placed in oxygen. His 
course was stormy for the first 2 days and then he gradually began to show 
improvement. The subcutaneous emphysema was gradually absorbed, 





Fic.1. F. Kk. Anterior-posterior view of the chest showing marked accumulations 
of air in the subcutaneous tissues over the anterior thorax. 


and all medication was discontinued on December 15th. The patient was 
discharged one week later with only very slight subcutaneous emphysema 
remaining. When he was last seen in the surgery clinic 6 weeks later, all 
traces of emphysema had disappeared and the tracheotomy wound had 
healed. 
DISCUSSION 

Subcutaneous emphysema is a relatively rare condition in childhood and 

is almost always due to a mechanical cause which allows the entrance of 
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air into the subcutaneous tissues from some part of the respiratory tract. 
In the majority of cases it follows interstitial emphysema of the lungs and 
mediastinal emphysema. Some of the most frequent causes of subcutane- 
ous emphysema are rib fractures and injuries to the chest with laceration 
of both parietal and visceral pleurae and the underlying lung tissue. In 





Fic. 2. F. K. Lateral view showing the subcutaneous emphysema involving the 
planes of the neck extending down to the thorax. 


these cases air escapes into the pleural space during inspiration causing a 
partial pneumothorax. Air is then forced by increasing intrapleural 
pressure through the laceration of the parietal pleura to the subcutaneous 
tissues. Mediastinal emphysema may follow any form of exercise, but 
occurs more frequently in those conditions in which there is straining with a 
closed glottis. In this regard Faust“? collected over a hundred cases from 
the literature who developed emphysema during labor. Partial occlusion 
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of the trachea or bronchi is another important factor in the chain that 
produces this picture. When this occurs, the alveoli become overdis- 
tended and may rupture. Mediastinal emphysema results. This is an 
important etiological factor during inflammatory diseases of the lungs 
especially when accompanied by severe paroxysms of coughing since the 
most common cause of bronchial obstruction is plugs of tenacious inflam- 
matory material. This is seen frequently in pertussis, asthma and pneu- 
monia. The emphysema that follows obstruction of bronchi by foreign 
bodies occurs in the same way. Other etiological factors include therapeu- 
tic and diagnostic procedures such as tracheotomy, pneumothorax and 
thoracentesis. When this accumulated air in the mediastinum reaches a 
certain pressure, it seeks a method of escape. One of the most common 
routes is into the deep and subcutaneous tissues of the neck from where 
it may spread widely over the body. Rarely subcutaneous emphysema 
may be primary. This usually occurs following tonsillectomy and trau- 
matic rupture of the trachea as in the case presented. 

Subcutaneous emphysema is usually characterized by prompt appear- 
ance of symptoms, the most common of which is a rapidly spreading crepi- 
tant swelling of the subcutaneous tissues. This swelling is usually out of 
proportion to the degree of injury. Occasionally there may be an appreci- 
able interval before the onset of symptoms, as in the case described by 
Jackson in which a subcutaneous injury did not manifest itself until 
several hours had elapsed. The diagnosis is usually self evident. How- 
ever, an important point to remember is that it is usually a symptom of a 
much more serious condition, namely mediastinal emphysema. The latter 
is usually diagnosed by the following findings; pain, subcutaneous emphy- 
sema, obliteration of cardiac dullness, peculiar sounds heard over the heart, 
evidence of increased mediastinal pressure (i.e. dyspnea or cyanosis), 
pneumothorax, and roentgenographic evidence of air in the mediastinum. 
This differentiation should always be kept in mind because the outcome 
may depend on prompt and accurate therapy. 

The treatment in these cases of subcutaneous emphysema is usually 
conservative. Johnson reports a satisfactory response to oxygen alone in a 
moderately severe case. In the more severe cases tracheotomy may be 
necessary. Some authors report the successful use of skin incisions to 
relieve the subcutaneous edema. Chemotherapy and antibiotics are 
usually recommended to prevent the occurrence of complicating infections. 
The administration of narcotics is contraindicated because this would 
further depress an already inadequate respiratory function. In the ma- 
jority of cases the subcutaneous emphysema will gradually disappear with 
supportive care. 
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